The ultrasonic measurements of solutions of uranyl caprylate and laurate in a mixture of 50/50 benzene-dimethylsulphoxide (V/V) have been used to determine the critical micellar concentration, ultrasonic velocity and various acoustic parameters at different temperatures. The results confirm that there is a significant interaction between uranyl soaps and the mixed organic solvent molecules.The values of critical micellar concentration of uranyl caprylate and laurate are in good agreement with those obtained from conductivity measurements.
Introduction
Metallic soaps are widely used in several domains such as detergency, lubricants, metal working, industrial air cleaning, chemical catalysis and cosmetology, etc. The properties and therefore applications of these soaps depend on the length of the fatty acid chain and on the associated metal ion, their physical state, stability, chemical reactivity and solubility in polar and non-polar solvents. Lanthanide metal soaps were synthesized for the first time by Misra et al. [1] [2] in the early 60 s . These soaps are being used as polymer stabilizers, catalysts, optical polymer fibres [3] [4] [5] [6] . Surprisingly less attention has been paid on the physicochemical properties of rare-earth metal soaps. The present work deals with the ultrasonic velocity measurements of uranyl caprylate and laurate in a mixture of 50% benzene and 50% DMSO (V/V) because these soaps possess solubility in this solvent mixture. This work has been initiated to calculate various allied parameters related to the acoustical properties of uranyl soaps.
Experimental
Merck/BDH reagent grade chemicals were used. Uranyl soaps were prepared by the direct metathesis of corresponding potassium soaps with uranyl acetate at 50-60 °C under vigorous stirring. The precipitated soaps were digested, filtered and washed with doubly distilled water and acetone. After initial drying in an air oven at 50-60 °C, final drying was carried out under reduced pressure. The purity of these soaps was checked by elemental analysis and the results were found to be in good agreement with theoretically calculated values. Ultrasonic measurements were carried out with a multifrequency ultrasonic interferometer (M-83, Mittal Enterprises, New Delhi) at 25, 30, 35, and 40 °C at 1 MHz frequency. Water was maintained at the desired temperature and controlled to ± 0.5 °C by a thermostat passed through a jacket of cell before the measurements were actually made. The velocities measured at different temperatures have an uncertainty of ± 0.5 ms -1 . The densities of the solutions were determined at different temperatures with RD bottles calibrated with pure benzene. 
Results and discussion
The results indicate that ultrasonic velocity and density of uranyl soaps in 50/50 benzene-dimethylsulphoxide increase with increasing soap concentration and chain-length. The increase in velocity is due to the association between the uranyl soaps and mixed organic solvent molecules. The variation is not much appreciable at higher concentration when compared to lower concentrations. The variation in ultrasonic velocity U with soap concentration C for dilute solution is given by the following relation.
where U 0 is the ultrasonic velocity of the solvent and G is the Garnsey´s constant [7] . The plots of ultrasonic velocity vs. concentration ( Fig. 1 ) are extrapolated to zero soap concentration, to obtain values of U 0 which is in good agreement with the experimental velocity, indicating that the soap molecules do not aggregate up to an appreciable extent below the CMC. The plots of ultrasonic velocity U versus soap concentration C for uranyl soap are also characterized by an intersection of two straight lines at a definite soap concentration, which corresponds to the CMC. The values of CMC of uranyl caprylate and laurate in the mixture of 50% benzene and 50% DMSO increase with increasing temperature. The process of micellization was assumed to occur when the energy released as a result of aggregation of hydrocarbon chain of the monomers was sufficient to overcome and to balance the decrease in entropy accompanying aggregation. Since the kinetic energy of the monomer was higher at higher temperature, hence CMC will also be higher. The uranyl soaps form micelles at a particular concentration because of the balance between the attractive hydrophobic interaction of the long chain hydrocarbon tails and repulsive forces between the ionic head groups. The CMC decreases whereas Garnsey´s constant (G), determined from the slope of the plots of U vs. C, increases (Table 1) with increasing chain-length of the soap molecule. The nature of adiabatic compressibility, β and molar compressibility, W, have been calculated by the following relationships:
The behaviour of adiabatic compressibility for uranyl caprylate and laurate soap solutions is reverse to that of ultrasonic velocity. The decrease in adiabatic compressibility with increasing concentration is attributed to the fact that in dilute solutions, the ions are furnished by the ionization of uranyl soap (UO 2 ++ ; RCOO -) . These ions are surrounded by a layer of mixed organic solvent molecules firmly bound and oriented towards the ions. The orientation of solvent molecules around the ions is attributed to the influence of electrostatic field of the ions. Thus, the internal pressure increases, lowering the compressibility of the solutions, i.e., the solutions become harder to compress [8] .
The adiabatic compressibility of the soap solutions is found to obey Bachem´s relationship.
The plots of adiabatic compressibility β against soap concentration C also show a break at a definite concentration which corresponds to the CMC, and these plots are extrapolated to zero soap concentration to give a value of β 0. The plots of [β -β 0 /C] against √C show a break at the CMC. The values of constants A and B obtained from the intercept and the slope of the plots of [β -β 0 / C] vs. √C for uranyl soaps are mentioned in Table 1 . The molar compressibility, W, of uranyl soaps increases above CMC with increasing soap concentration and chain-length of the soap molecules. The apparent molar volume, ϕ v, of these soaps has been calculated by using the equation:
The apparent molar volume, ϕ v , decreases rapidly at first, then slowly, and finally increases with increasing the concentration of soap (Table 2) The values for ϕ°v and S V (Table 3) are measures of ion-solvent and ion-ion interactions, respectively. ϕ°v values for these soaps increase with increasing temperature, however, S V decreases with increasing temperature. The partial molar expansibility, E° =d ϕ°v/dT, increases with increasing temperature; this may be due either to the decrease in electrostriction or to the loosening of solvent structure at higher temperature. The intermolecular free length in a liquid system is a measure of molecular association. The intermolecular free length, (L f ), and the specific acoustic impedance, Z, of uranyl soaps in a mixture of 50/50 benzene-dimethylsulphoxide have been evaluated by using the following relationships The intermolecular free length, (L f ), decreases, whereas the specific acoustic impedance, Z, increases with increasing soap concentration. Specific acoustic impedance, Z, in a liquid system can be used to assess the molecular interaction between the components [9] . This indicates that there is a significant interaction between uranyl soaps and non-aqueous solvent molecules [10] [11] [12] due to which the structural arrangement is affected. The increase in the values of Z with increasing concentration (Table 2 ) may be due to the lyophobic interaction between uranyl soaps and the solvent molecules, which increases the intermolecular distance, opening a relatively wide gap between the molecules and becoming the main cause of impedance in the propagation of ultrasound waves. The plots of intermolecular free length L f and specific acoustic impedance Z against concentration show a break at the CMC. These results are in agreement with the results of other workers [13] . This again confirms the fact that the soap molecules do not aggregate to an appreciable extent below the CMC, whereas there is a marked change in aggregation at the CMC.
The relative association, R A [14] and solvation number, S n [15] of uranyl soaps determined by the following relationships, are shown in Table 4 .
Here U 0 ,U, ρ 0 , ρ , n 0 , n , β 0 , β , V 0 and V are the ultrasonic velocity, density, number of moles, adiabatic compressibility and molar volume of solvent and solutions, respectively. The values of relative association, R A , decrease with increasing soap concentration and chain-length of the uranyl soap molecules. The solvation number, S n , decreases with increasing the concentration and chainlength of the soap molecules. The values of S n correspond to the number of solvent molecules in the primary solvation sheath of ions. The positive value of solvation number indicates appreciable solvation of ions. Internal pressure, π [16] and available volume, V a [17] of uranyl soaps were calculated by the following relationships and the results obtained are shown in Table 4 .
where b stands for the cubic packing factor which is assumed to be 2 for all liquids and solutions, K is a temperature independent constant (4.28*10 9 ), R is the gas constant (8.3143 JKmol -1 ), T is the absolute temperature, M is the effective molecular weight of solution and U is equivalent to 1600 ms -1 . Internal pressure, (π) increases rapidly with the increase of concentration and chain-length. The apparent molar compressibility, ϕ k, and the available volume, Va, have been calculated by the following relationships:
The negative value of the apparent molar compressibility, (ϕ k ), in Table 4 , first increases linearly with concentration in the pre-micellization region, but decreases sharply in the post-micellization region, indicating poor compressibility at the higher soap concentrations. The available volume, V a decreases with increasing concentration and chain-length. The plots of V a vs. C are characterized by a break of the CMC. Rao´s number, R n [18] and relaxation strength, r, were calculated by the following relationships, and the results obtained are mentioned in Table 4. where U α is equivalent to 1600 ms -1 . It is observed that Rao´s constant shows a regular, almost linear increase with concentration and increasing chain length of the soaps. The values of relaxation strength, r, of uranyl soaps decrease with increasing the concentration and chainlength of the uranyl soap molecules supporting soap-solvent interactions. The results of uranyl soaps are in agreement with the work reported earlier [19] [20] [21] [22] by other workers.
Conclusions
The ultrasonic velocity throws light on evaluation of various acoustical parameters of uranyl caprylate and laurate in benzene-dimethylsulphoxide mixture. These results confirm that there is a significant interaction between uranyl soaps and solvent molecules in dilute solutions and the soap molecules do not aggregate appreciably below the CMC. The values of CMC for uranyl soaps (caprylate and laurate) increase with increasing temperature.
